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(54) EXPOSURE APPARATUS, EXPOSURE METHOD, AND METHOD FOR MANUFACTURING 
DEVICE 



(57) An exposure apparatus (EX) that: projects pat- 
tern (PA) images onto a substrate (W) via liquid (L) and 
a projection optical system (PL), the liquid (L) forming a 
liquid immersion region (AR2) between the projection op- 
tica! system (PL) and the substrate (W); and exposes the 
substrate (W), The apparatus (EX) has: a liquid-supply- 
ing-section (1 5) that supplies the liquid (L) onto the sub- 
strate (W); a first pipe section (14a) that introduces the 
liquid (L) to the liquid-suppfying-section (15); and a sec- 



ond pipe section ( 1 4b) , connected to the first pipe section 
(14a), that collects the liquid (L) not being supplied to the 
liquid-supplying-section (15) from the first pipe section 
(14a). By doing this, It is possible to provide a liquid- 
immersion exposure apparatus (EX) having a liquid-sup- 
plying-mechanism, exposure method, and a method for 
manufacturing devices so as to: restrict the temperature 
of the liquid (L), supplied between the projection optical 
system (PL) and the substrate, from varying; and prevent 
contaminants from invading into the liquid (L). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a technology 
with respect to an exposure apparatus that is used in 
transcription steps of lithographic steps for manufactur- 
ing highly-integrated semiconductor circuit elements. 
Priority is claimed on Japanese Patent Application No. 
2003-362279, filed October 22, 20Q3, the content of 
which is incorporated herein by reference. 

BACKGROUND ART 

[0002] A semiconductor device or liquid crystal display 
device is manufactured by technique known as photoli- 
thography, in which a pattern formed on a mask is trans- 
ferred onto a photosensitive substrate. The exposure ap- 
paratus used in this photolithography process has a mask 
stage that supports a mask and a substrate stage that 
supports a substrate, and it transfers a mask pattern onto 
a substrate via a projection optical system while sequen- 
tially moving the mask stage and the substrate stage. 
In recent years, there has been a demand for higher res- 
olution of the projection optical system in orderto respond 
to the further advances in terms of higher integration of 
the device pattern. As the exposure wavelength to be 
used becomes shorter, the resolution of the projection 
optical system becomes higher. As the numerical aper- 
ture of the projection optical system becomes largar, the 
resolution of the projection optical system becomes high- 
er. Therefore, the exposure wavelength which Is used 
for the exposure apparatus is shortened year by year, 
and the numerical aperture of the projection optical sys- 
tem is increased as well. The exposure wavelength, 
which is dominan.tly used at present, is 248 nrn of the 
KrF excimer laser. However, the exposure wavelength 
of 1 93 nm of the ArF excimer laser, which is shorter than 
the aboye, is also practically used in some situations. 
When the exposure Is performed, the depth of focus 
(DOF) is also Important In the same manner as the res- 
olution. The resolution R and the depth of focus 8 are 
represented by the following expressions respectively. 



R=k s »A/NA (1) 



6" =±k 2 *)JNA 2 (2) 



In the expressions, X represents the exposure wave- 
length, NA represents the numerical aperture of the pro- 
jection optical system, and k 1 and k 2 represent the proc- 
ess coefficients. According to the expressions (1) and 
(2), the following fact is appreciated. That is, when the 



exposure wavelength X is shortened and the numerical 
aperture NA is increased in orderto enhance the reso- 
lution R, then the depth of focus S is narrowed. 
[0003] if the depth of focus S Is too narrow, it is difficult 
s to match the substrate surface with respect to the image 
plane of the projection optical system. There is concern 
that the margin is insufficient during the exposure oper- 
ation. Accordingly, the liquid immersion method has been 
suggested, which is disclosed, for example, in PCT In- 
fo ternationai Publication No. WO99/49504 as a method for 
substantially shortening the exposure wavelength and 
widening the depth of focus. In this liquid immersion 
method, the space between the lower surface of the pro- 
jection optical system and the substrate surface is filled 
rs with a liquid such as water or any organic solvent so that 
the resolution is improved and the depth of focus is mag- 
nified about n times by utilizing the fact that the wave- 
length of the exposure light beam in the liquid is 1/n as 
compared with that in the air (n represents the refractive 
20 index of the liquid, which is about 1 .2 to 1 .8 In ordinary 
cases). 

With respect to the water and the organic solvent filled 
between the Sower surface of the projection optical sys- 
tem and the substrate surface, temperature must be con- 

25 trolled strictly. This is because, if the temperature of the 
liquid varies, the refractive index of the liquid varies; 
thereby, the wavelength of the exposure light beam var- 
ies in the liquid; thus, a defect occurs due to the varied 
exposure light beam. More specifically, the temperature 

30 of the liquid must be controlled to be in a range of ± 0.01 °C 
with respecttoapredetemnined temperature of the liquid, 
and the temperature-controlled liquid must be supplied 
onto the substrate continuously. 

as DiSCLOSURE OF SNVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] However, the temperature of the liquid may be 

*o affected by ambient temperature therearound if pipes 
which supply the liquid from a temperature control device 
(thermostat reservoir) to liquid-supplying-nozzles are 
iong. Also, if the liquid supply is stopped when a wafer 
is exchanged, the temperature of the liquid existing in 

45 the pipes varies; therefore, there is a problem in that the 
exposure process cannot be restarted immediately even 
if the liquid supply is restarted because the temperature 
of the liquid In the liquid immersion region is not in the 
above temperature range. 

so in addition, there is possibility that contaminants may in- 
vade the liquid from ports of the pipes. In particular, if the 
exposure apparatus is stopped for a long time for pur- 
poses such as repair and inspection, there is possibility 
that bacteria will grow in the liquid existing in the pipes. 

55 Therefore, there is a problem with respect to not only 
micro-patterning but also operation of the exposure ap- 
paratus. 

[0005] The present invention was conceived in view of 
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the above circumstances, and an object thereof is to pro- 
vide a liquid-immersion exposure apparatus having a liq- 
uid-supplyitig-r?ieehanism, exposure method, and a 
method for manufacturing devices so as to: restrict tem- 
perature of the iiquid supplied between the projection op- 
tica! system and the substrate from varying; and prevent 
contaminants from invading the liquid. 

MEANS FOR SOLVING THE PROBLEMS 

[0006] In the exposure apparatus, the exposure meth- 
od, and the method for manufacturing devices according 
to the present invention, the following members are em- 
ployed in order to overcome the above problems. 
A first invention provides an exposure apparatus (EX) 
that: projects pattern (PA) images onto a substrate (W) 
via liquid (L) and an projection optical system (PL), the 
liquid (L) forming a iiquid immersion region (AR2) be- 
tween the projection optical system (PL) and the sub- 
strate (W); and exposes the substrate (W), the apparatus 
having: a Iiquid-supplying-section (15) that supplies the 
iiquid (L) onto the substrate (W); a first pipe section (14a, 
32a) that introduces the iiquid (L) to the Iiquid-supplying- 
section (15); and a second pipe section (14b, 32b), con- 
nected to the first pipe section (14a, 32a), that collects 
the liquid (L), that is not supplied to the Iiquid-supplying- 
section (15) from the first pipe section (14a, 32a), Ac- 
cording to this Invention, a greater amount of iiquid than 
that supplied onto the substrate is introduced into the first 
pipe section (14a, 32a), and the rest of the liquid is col- 
lected via the second pipe section (14b, 32b). Therefore, 
the liquid does not stop in the pipe sections when, e.g., 
the wafer is exchanged; thus, the temperature of the iiq- 
uid hardly varies and contaminants hardly invade into the 
iiquid. 

[0007] Also, in the exposure apparatus in which at least 
a portion of the liquid (L) circulates in the first pipe section 
(14a, 32a) and the second pipe section (14b, 32b), it is 
possible to prevent the temperature of the liquid from 
varying and thecontaminantsfrom invading into the liquid 
while minimizing the quantity of liquid-to-be-consumed. 
Also, in the exposure apparatus having a thermostat res- 
ervoir (1 2) which: maintains the temperature of the liquid 
(L) approximately constant; and supplies the iiquid (L) to 
the first pipe section (14a, 32a), it is possible to supply 
the iiquid having an approximately constant temperature 
onto the substrate from the iiquid-supplying-section (15). 
Also, in the present invention: the exposure apparatus 
further has temperature measuring sections that meas- 
ure the temperature of the liquid (L) supplied onto the 
substrate (W); the temperature control sections are dis- 
posed at least in one of the first pipe section (14a, 32a) 
and the Iiquid-supplying-section (15); and the thermostat 
reservoir (12) controls the temperature of the liquid in 
accordance with measurement results measured by the 
temperature measuring sections. 
Also, in the exposure apparatus in which the second pipe 
section (14b, 32b) is connected to the thermostat reser- 



voir (12), temperature of the collected liquid is adjusted 
and reintroduced into the first pipe section (14a, 32a), It 
is possible to supply the iiquid having an approximately 
constant temperature onto the substrate and reduce run- 
s ning costs, 

Aiso, in the exposure apparatus further has a refining 
device (11) that refines the iiquid (L), it is possible to 
supply bacterium-free and contaminant-free iiquid onto 
the substrate. 

10 Also, in the exposure apparatus in which the second pipe 
section (14b, 32b) is connected to the refining device, 
and the collected liquid Is refined by the refining device, 
it is possible to eliminate impurities and bacterium from 
the circulating iiquid. 

»5 Also, in the exposure apparatus in which the first pipe 
section (32a) and the second pipe section (32b) form a 
double pipe (32) so that the second pipe section (32b) is 
formed around the first pipe section (32a) together, the 
collected liquid flows around the liquid supplied onto the 

so substrate, and the collected liquid serves as a thermal 
insulating member; therefore, It is possible to restrict var- 
iations in the temperature of the supplied liquid. 
Also, in the exposure apparatus in which the Iiquid-sup- 
plying-section (15) has an aperture mechanism (16, 34) 

25 that adjusts quantity of the liquid (L) supplied onto the 
substrate (W), it is possible to adjust the quantity of liquid 
supplied onto the substrate desirably, 
[0008] A second invention Is an exposure method in- 
cluding steps of: forming a liquid immersion region (AR2) 

30 by supplying the liquid (L) between the projection optical 
system (PL) and the substrate (W); projecting the pattern 
(PA) images onto the substrate (W) via the supplied liquid 
(L) and the projection optical system (PL); and exposing 
the substrate (W), the method including: flowing the liquid 

35 (L); and supplying at least a portion of the flowing liquid 
(L) onto the substrate (W). In this invention, the liquid 
does not stop in the pipe sections; therefore, the temper- 
ature of the liquid hardly varies and impurities hardly in- 
vade into the liquid. 

io in the present Invention, the first pipe section (32a), She 
second pipe section (32b), and the liquld-suppiying-sec- 
tions are connected by three-way-va!ves. 
[0009J Also, in the exposure method further including 
steps of: stopping supplying the liquid (L) onto the sub- 

45 strate (W); and flowing all the liquid (L), the liquid does 
not stop in the pipe sections even If supplying the iiquid 
Is stopped when, e.g., the wafer is exchanged. Therefore, 
the temperature of the liquid hardly varies and impurities 
hardly invade into the liquid. 

so Also, Irs the exposure method further including steps of: 
collecting the liquid (L) which has not been supplied onto 
the substrate (W); controlling the temperature of the col- 
lected liquid (L): and supplying the temperature-control- 
led liquid (L), It Is possible to minimize quantity of the 

ss liquid-to-be-consumed while maintaining the tempera- 
ture of iiquid-to-be-supplied approximately constant by 
circulating the temperature-controlled liquid (L), 
[Q010] A third invention is a device-manufacturing 



3 



5 



EP 1 677 341 A1 



6 



method including lithographic steps in which the method 
uses the exposure apparatus (EX) in the lithographic 
sieps according to the first invention. According to this 
invention, the temperature can be maintained approxi- 
mately constant, andtheimpurity-and-bacteriurn-free liq- 
uid is used; therefore, it is possible to manufacture de- 
vices haying micro-patterns stably. 

EFFECTS OF THE INVENTION 

[Q011] According to the present invention, the follow- 
ing effects can be realized. 

The first invention provides an exposure apparatus that: 
projects pattern images onto a substrate via liquid and a 
projection optica! system, the liquid forming a liquid im- 
mersion region between the projection optica! system 
and the substrate; and exposes the substrate, the appa- 
ratus including: a liquid-supplying-section that supplies 
the liquid onto the substrate; a first pipe section that in- 
troduces the liquid to the liquid-supplylng-section; and a 
second pipe section, connected to the first pipe section, 
that collects the liquid which has not been supplied to the 
ilquid-supp lying-section from the first pipe section. By do- 
ing this, the liquid does not stop in the pipe sections; 
therefore, it is possible to prevent the temperature of the 
liquid from varying and form micro-patterns stably via the 
liquid disposed in the liquid immersion region. Also, the 
liquid does not stop; therefore; it is possible to restrict 
generation of bacterium. 

[0012] Also, since at least a portion of the liquid circu- 
lates In the first pipe section and the second pipe section, 
it is possible to prevent the temperature of the liquid from 
varying and impurities from invading while minimizing the 
quantity of !iquid-to-be-consumed. Thus, it is possible to 
form micro-patterns via the liquid in the liquid immersion 
region stably and at low cost. 

Also, since the exposure apparatus has a thermostat res- 
ervoir which: maintains the temperature of the liquid ap- 
proximately constant; and supplies the liquid to the first 
pipe section, It Is possible to supply the liquid having an 
approximately constant temperature onto the substrate 
from the iiquid-suppiying-section and it is possible to re- 
strict refractive index of exposure light beam from vary- 
ing. 

Also, since the second pipe section is connected to the 
thermostat reservoir; therefore, if is possible to supply 
the liquid having an approximately constant temperature 
onto the substrate while reducing the running cost; and 
to prevent refractive index of the exposure light beam 
from varying at low cost. 

Also, since the exposure apparatus has the refining de- 
vice that refines the liquid; therefore, it is possible to sup- 
ply impurity-free and bacterium-free liquid onto the sub- 
strate; and to form micro-patterns via the liquid in the 
immersion liquid region stably and reliably. 
Also, since the second pipe section is connected to the 
refining device so that the collected liquid is refined in 
the refining device, it is possible to eliminate Impurities 



and bacterium from the circulating liquid; and to form mi- 
cro-patterns via the liquid In the immersion liquid region 
stabiy, reliably, and at low cost. 

Also, since the first pipe section and the second pipe 

s sectionformadoubie pipesothatthe second pipesection 
is formed around the first pipe section together, it Is pos- 
sible to restrict the temperature of the supplied liquid from 
varying by adopting a simple structure, i.e., at a low cost. 
Also, since the liquid-supplying-section has the aperture 

io mechanism that adjusts the quantity of liquid supplied 
onto the substrate, it is possible to adjust the quantity of 
liquid supplied onto the substrate adequately; and to form 
micro-patterns stably via the liquid disposed in the liquid 
immersion region. 

-•t> [0013] The second invention is an exposure method 
including steps of: forming a liquid immersion region by 
supplying liquid between a projection optical system and 
a substrate; projecting pattern images onto the substrate 
via the liquid and the projection optical system; and ex- 

•20 posing the substrate, the method including: flowing the 
liquid; and supplying at least a portion of the flowing liquid 
onto the substrate. By doing this, the liquid does not stop 
in the pipe sections; therefore, the temperature of the 
liquid hardly varies and impurities hardly invade; thus, 

25 micro-patterns can be formed reliably via the liquid dis- 
posed in the liquid immersion region. 
[001 4] Also, since the exposure method further in- 
cludes steps of: stopping supplying the liquid onto the 
substrate; and flowing all the liquid, the temperature of 

30 the liquid hardly varies and Impurities hardly Invade into 
the liquid even if supplying the liquid stops so as to ex- 
change wafers, etc. In addition, it is not necessary to: 
adjust the temperature of the liquid; and eliminate con- 
taminants after exchanging wafers; thus, it is possible to 

35 restart the exposure steps immediately after exchanging 
the wafers. 

Also, since the exposure method further includes steps 
of: collecting the liquid which has not been supplied onto 
the substrate; controlling the temperatu re of the collected 

40 liquid; and supplying the temperature-controlled liquid, it 
is possible to minimize the quantity of liquid-to-be-con- 
sumed while maintaining the temperature of liquid-to-be- 
supplied approximately constant; and to form micro-pat- 
terns via the liquid disposed in the liquid immersion region 

« stably at low cost. 

[0015] The third invention is a device-manufacturing 
method including lithographic steps in which the method 
uses the exposure apparatus according to the first inven- 
tion In the lithographic steps. According to this invention, 

so the temperature can be maintained approximately con- 
stant, and the Impurity-free and bacterium-free liquid is 
used; therefore, the product yield increases, and it is pos- 
sible to manufacture devices having micro-patterns sta- 
bly at low cost. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG 1 is a schematic diagram of a general struc- 
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ture of an exposure apparatus, 

FIG. 2 is a schematic diagram of a iiquid-suppiying- 
mechanism in detail. 

FIG, 3A shows an arrangement of iiquid-suppiying- 
nozzles in the liqmd-supplying-mechanism and liq- 
uid-coliecting-nozzles in a [iqiiid-ooifecting-mecha- 
nism. 

FIG. 3B shows an arrangement of iiquid-supplying- 
nozzles in the iiquid-supplying-mechanism and liq- 
uid-coliectlng-nozzles in a liquid-CQStectlng-mecha- 
nlsm: 

FIG. 4 is a schematic view showing the Iiquid-sup- 
plying-mechanism in which a part of pipe sections 
are formed by double pipes. 
FIG. 5 is a schematic view showing a different em- 
bodiment of the Iiquid-supplying-mechanism. 
FiG. 6 shows steps of manufacturing semiconductor 
devices. 

EXPLANATION OF REFERENCE NUMERALS 

[0017] 1 1 : ultra pure water device (refining device) 

12: thermostat reservoir 

14a: sendlng-slde-pipe (first pipe) 

14b: returning-side-pipe (second pipe) 

15: supply-side-nozzle (liquid-supplying-section) 

16: three-way-valve (aperture mechanism) 

32a: inner pipe (first pipe) 

32b: outer pipe (second pipe) 

34: control vaSve (aperture mechanism) 

AR2: liquid immersion region 

L: liquid 

W: wafer (substrate) 
R: reticle (mask) 
PA: pattern 

PL: projection optical system 
EX: exposure apparatus 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0Q18] Embodiments of the present invention, e.g., an 
exposure apparatus, an exposure method, and a method 
for manufacturing a device, are explained with reference 
to the drawings as follows. 

FIG. 1 Is a schematic diagram of a general structure of 
an embodiment of the exposure apparatus according to 
the present invention. In FIG 1, an exposure apparatus 
EX has: a reticle stage RSTthat supports a reticle (mask) 
R having device patterns PA formed thereon; a wafer 
stage WST that supports a wafer (substrate) having a 
photosensitive material, e.g., photo-resist formed there- 
on; an illuminating optical system IL that illuminates a 
reticle R by emitting an exposure light beam EL; a pro- 
jection optica! system PL that projects pattern (PA) Im- 
ages of the reticle P. by illuminating the exposure light 
beam EL onto the wafer W; and a control device CONT 



that controls overall operations of the exposure appara- 
tus EX Integrally. 

In the present embodiment, the exposure apparatus EX 
is explained with reference to, e.g., a scanning exposure 

s apparatus (so-calledascanningstepper) which exposes 
the patterns PA, formed on the reticle R, onto the wafer 
W by moving the reticle R and the wafer W in different 
(reverse) directions with respect to a scanning direction 
synchronously. Also, in the following explanations, a Z 

10 axis direction indicates a direction coinciding with an op- 
tical axis AX of the projection optical system PL. An X 
axis direction indicates a (scanning) direction in which 
the reticle R and the wafer W moves synchronously in a 
plane orthogonal with respect to the Z axis direction. A 

> 5 Y axis direction indicates a (non-scanning) direction or- 
thogonal with respect to the Z axis direction and the X 
axis direction. 

In addition, 8X indicates a rotational direction around the 
X axis. OY indicates a rotational direction around the Y 

20 axis. BZ indicates a rotational direction around the Z axis. 
[0019] Also, the exposure apparatus EX is a liquid im- 
mersion exposure apparatus using a liquid immersion 
method in orderto: Improve resolution by shortening ex- 
posure wavelength substantially; and increase depth of 

2$ focus substantially. The exposure apparatus EX has: a 
Iiquid-supplying-mechanism 1 0 thatsupplies the liquid L 
onto the wafer W; and a liquid-coliecting-mechanism 40 
thai collects the liquid L on the wafer W. 
The exposure apparatus EX forms a liquid immersion 

30 region AR2 on a part of the wafer W including a projection 
region AR1 (see FIG. 3) on the projection optical system 
PL by the liquid L supplied from the liquid-supplying- 
mechanism 10 while at least transferring the image of 
the pattern PA of the reticle R onto the wafer W. More 

as specifically, the exposure apparatus EX: fills the liquid L 
in a space, formed between an optica! element 2 and the 
wafer W, at an tip end (bottom end) of the projection 
optica! system PL; projects the Image of the pattern PA 
of the reticle R onto the wafer W via the liquid L and the 

40 projection optical system PL; and exposes the wafer W. 
The liquid L in the liquid Immersion region AR2 can be 
refreshed by: supplying the liquid L from the liquid-sup- 
plying-mechanism 1 0 to the liquid immersion region AR2; 
and collecting the liquid L disposed in the liquid irnmer- 

45 sion region AR2 by the liquid -coilecting-mechanssm 40; 
thus, contamination of the liquid L can be strictly prevent- 
ed, and the temperature of the liquid L can be strictly 
controlled. 

in the present embodiment, pure water is used as the 
so liquid L. Various rays, e.g.: ultraviolet emission lines (e.g., 
g-line, n-!ine, and i-line) emitted from a mercury lamp; 
deep ultra violet rays (DUV rays), e.g., KrF excimer laser 
beam at a wavelength of 248 nm; and vacuum ultra violet 
rays (VUV rays), e.g., ArF excimer laser beam at wave- 
55 length of 1 93 nm, can be transmitted through pure water. 
[0Q2QI The illuminating optical system IL, illuminating 
the reticle R supported by the reticle stage RST by the 
exposure light beam EL, has: a light source for exposure; 
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an optica! integrator for uniforming the intensity of illumi- 
nation of the light flux emitted from a light source: a con- 
denser lens for condensing the exposure light beam EL 
emitted from the optical integrator; a relay lens system; 
a variable perspective aperture for setting an illumination 
region illuminated by the exposure light beam EL on the 
reticle R in a slit manner; etc. (each member is not shown 
in the drawings). The illumination optical system IL illu- 
minates a predetermined portion of the illumination re- 
gion on the reticle R with light beam EL which has uniform 
illumination. 

With respect to the exposure light beam EL emitted from 
the illumination optical system IL, various rays can be 
used, e.g.: deep ultra violet rays (DUV rays), e.g., ultra 
violet emission lines (e.g., g-line, h-line, and i-line) emit- 
ted from a mercury lamp and KrF excimer laser beam at 
a wavelength of 248 nm; and vacuum ultra violet rays 
(VUVrays), e.g., ArFexcimer laser beam at a wavelength 
of 193 nm and F 2 laser beam at a wavelength of 157 nm. 
ArF excimer laser is used in the present embodiment. 
[0021] The reticle stage RST, supporting the reticle B, 
is: movable two-dlmensionally in an X-Y plane orthogonal 
with respect to the optical axis AX of the projection optical 
system PL; and rotatable around a 6Z axis by fine pitches. 
The reticle stage RST is driven by a reticle stage driving 
section 51 , e.g., a linear motor, controlled by the control 
device CONT. 

A movable mirror 52 is disposed on the reticle stage RST. 
Also, a laser interferometer 53 is disposed corresponding 
to the movable mirror 52. With respect to the reticle R 
disposed on the reticle stage RST, the iaser interferom- 
eter 53 measures: two-dimensional positions; and rota- 
tion angles, on real-time bases, and the measurement 
results are outputted to the control device CONT. 
The control device CONT sets positions of the reticle R 
supported on the reticle stage RST by driving the reticle 
stage driving section 51 in accordance with the meas- 
urement results outputted from the laser interferometer 
53, 

[0022] The projection optical system PL projects/ex- 
poses the pattern PA of the reticle R onto the wafer W 
at a predetermined projection magnification 8. The pro- 
jection optical system PL is constituted by a plurality of 
optica! elements inciuding an optical element 2. These 
optical elements are disposed at an end portion, near the 
wafer W, of the projection optical system PL. These op- 
tical elements are supported by a barrel PK. In the 
present embodiment, the projection optica! system PL 
has a reduction system having the projection magnifica- 
tion p, e.g., 1/4 or 1/5. The projection optical system PL 
may be any one of the 1x magnification system and the 
magnifying system. The optical element 2, disposed at 
the end of the projection optical system PL, is disposed 
detachably (exchangeably) with respect to the barrel PK. 
The liquid L disposed in the liquid immersion region AR2 
makes contact with the optical element 2. 
The optical element 2 is made of fluorite. Fluorite has a 
high affinity for water. Therefore, the liquid L can make 



tight contact with substantially the entire surface of a liq- 
uid contact surface 2a of the optical element 2. That is, 
the liquid (water) L having high affinity for the liquid con- 
tact surface2a of the optical eiement2 Is supplied. There- 

s fore, the highly tight contact is effected between the liquid 
L and the liquid contact surface 2a of the optical element 
2; thus, the optica! path between the optica! element 2 
and the wafer W can be reliably filled with the liquid L. 
The optical element 2 may be made of silica having a 

io high affinity for water. Water-affinity (liquid affinity) may 
be imparted to the liquid contact surface 2a of the optical 
element 2A so as to further enhance the affinity for the 
liquid L. 

[0023] The wafer stage WST, supporting the wafer W, 
is is provided with: a Z stage 62 for supporting the wafer W 
via a wafer holder; a XY stage 63 for supporting the Z 
stage &?; and a base 64 for supporting the XY stage 63. 
The wafer stage WST is driven by a wafer stage driving 
section 61, e.g., a linear motor, controlled by the control 
20 device CONT. The wafer stage driving section 61 drives 
the Z stage 62 so that positions, i.e., focusing positions 
of the wafer W supported by the Z stage 62 with respect 
to: the Z axis direction; SX direction; and 6Y direction are 
fixed. 

'?£ The wafer stage driving section 61 , driving the XY stage 
63, sets positions of the wafer W with respect to the XY 
direction (i.e., a direction substantially parallel with re- 
spect to an image surface of the projection optical system 
PL). The Z stage and the XY stage may be formed uni- 

30 tartly so as to provide XYZ stage which has six-degrees 
of freedom. 

A movable mirror 65 is disposed on the wafer stage WST 
(Z stage 62). A laser interferometer 66 is disposed cor- 
responding to the movable mirror 65. With respect to the 
35 wafer W disposed on the wafer stage WST, the laser 
interferometer 66 measures: two-dimensional positions; 
and rotation angles, on real-time bases, and the meas- 
urement results are outputted to the control device 
CONT. 

The control device CONT sets positions of the wafer W 
supported on the wafer stage WST by driving the wafer 
stage driving section 81 in accordance with the meas- 
urement results outputted from the iaser interferometer 
66. Based on the measurement results outputted from 

45 the laser interferometer 66, the control device CONT con- 
trols so that: the Z stage 62 to control focusing positions 
and inclination angles with respect to the wafer W, and 
to coincide a surface of the wafer W with the image sur- 
face of the projection optical system PL using an auto- 

so focus method and auto-leveling method; and the XY 
stage 63 to set positions of the wafer W with respect to 
the X axis direction and the Y axis direction. 
[0024] An auxiliary plate 67, surrounding the wafer W, 
is disposed on the wafer stage WST (Z stage 62). The 

55 auxiliary plate 67 has a fiat surface that has approximate- 
ly the same height as that of the surface of the wafer W 
supported by the wafer holder. In this arrangement, a 
gap of about 1 to 2 mm is provided between an edge of 



6 



11 



EP 1 677 341 A1 



12 



the wafer Wand the auxiliary plate 67, However, the liquid 
L scarcely flows into the gap owing to surface tension of 
the liq uid L, Even when the vicinity of circumferential edge 
of the wafer W is subjected to the exposure, the liquid L 
can be retained underthe liquid contact surface 2a of the 
optical element 2 by the aid of the auxiliary plate 67. 
[0025] F!G. 2 Is a schematic diagram of a liquld-sup- 
plying-mechanism 1 Q in detail. 

As shown in FIG. 2, the liquid-supplying-meehanism 10 
for supplying predetermined liquid L onto the wafer W, 
includes: an ultra pure water device 1 1 for producing the 
iiquid L; a thermostat reservoir 12 for controlling temper- 
ature of the liquid L; a pump 13 forfiowing the liquid L; a 
pipe section 14 having sending-side-pipes 14a and re- 
turning-side-pipes 14b; a pluraiity of liquid-supplying- 
nozzles 15 disposed in the vicinity of the surface of the 
wafer W; and three-way vaives 16 for controlling the 
quantity of liquid L supplied from the supply nozzles 15. 
The ultra pure water device (refining device) 1 1 , provided 
with: an ion-exchanging device 1 1 a; a bactericidal-ultra- 
violet-ray (UV) lamp 1 1 b; and a filtering device 1 1c, pro- 
duces the liquid (water) L. The thermostat reservoir 12 
controls temperature of the liquid L introduced from the 
ultra pure water device 11 to be ±0.01°C with respect to 
a predetermined temperature. The pump 1 3 supplies the 
liquid L, having the temperature controlled by the ther- 
mostat reservoir 12, to the pipe section 14 (sending-side- 
pipes 14a) so that the liquid L flows in the liquid-supply- 
ing-rnechanism 10 entirely. 

With respect to each sending-side-pipe 14a having two 
ends, one end thereof is connected to the pump 13, and 
the other end thereof is connected to the three-way valve 
1 6; thus, the liquid L supplied from the pump 1 3 is intro- 
duced to the three- way valve 16. The returning-side-plpe 
14b and the llquid-supplying-nczzie 15 are connected to 
each three-way valve 16 so that the liquid L introduced 
by the sending-side-pipe 14a is distributed into the re- 
turning-slde-pipe 14b and the iiquid-supplying-nozzle 15. 
The returning-side-pipe 1 4b is connected to the ultra pure 
water device 1 1 so that the liquid L which has not been 
supplied to the iiquid-suppiying-nozzie 15 is introduced 
to the uiira pure water device 1 1. Circulation flow paths 
in the liquid-supplying-mechanism 10 are formed by the 
above explained members: the ultra pure water device 
1 1; the thermostat reservoir 12; the pump 13: the send- 
ing-side-pipes 14a; the three-way valves 16; and the re- 
turnirsg-side-pipes 14b. 

The liquid L supplied from the three-way valves 16 to the 
liquid-supplying-nozzles 15 is further supplied onto the 
wafer W by the Siquid-suppiying-nozzies 15. An open 
state of valve sections built in each three-way valve 16 
is varied in accordance with command outputted from 
the control device CONT so that quantity of the iiquid L 
supplied to the liquid-supplying-nozzles 15 is adjusted. 
By doing this, it is possible to: change the quantity of the 
liquid L supplied onto the wafer W in accordance with 
exposure sequences: orstop supplying the liquid L when 
the wafer W is exchanged. 



With respect to each sending-side-pipe 14a, a tempera- 
ture sensor 17, measuring the temperature of the iiquid 
L which is about to be supplied onto the wafer W, is dis- 
posedtherein near the three-way valve 1 6. Measurement 

s results measured by the temperature sensor 1 7 are sent 
to the thermostat reservoir 12. The thermostat reservoir 
12 controls the temperature of the liquid L in the thermo- 
stat reservoir 12 so that the temperature of the liquid L 
which is about to be supplied onto the wafer W is a pre- 

io determined temperature. With respect to each three-way 
vaive 1 6, ail the liquid L flowing in the sending-side-pipe 
14a is made to flow in the returning-side-pipe 14b by the 
three-way valve 1 6; thus, the temperature of the flowing 
liquid L is measured by the temperature sensor 17 and 

15 adjusted by the thermostat reservoir 12. Therefore, it is 
possible to supply the liquid L having a predetermined 
and adjusted temperature onto the wafer W immediately 
after stopping the supply of the liquid L to the Iiquid-sup- 
plying-nozzle 15 and restarting the supply to the liquid- 

zo supplying-nozzla 15. In addition, with respect to the pipe 
sections 14, at least each sending-side-pipe 14a is sur- 
rounded by a thermaily-insulating-member. By doing 
this, it is possible to adjust the temperature of the liquid 
L supplied onto the wafer W highly accurately. 

ss [0026] FIGS. 3A and 3B show dispositions of: the liq- 
uid-supplying-nozzles 15 disposed In the Hquid-supply- 
irig-mechanism 10; and liquid-collecting-nozzles 42 dis- 
posed in the liquid-collecting-mechanism 40. More spe- 
cifically, FIG. 3A is a side view, and FIG. 3B shows a 

30 bottom end section of the projection optical system PL 
viewed from the wafer W. 

With respect to directions defined on the surface of the 
wafer W, each liquid-supplying-nozzles 15 disposed in 
the vicinity of the surface of the wafer W is disposed dif- 

35 ferently with respect to each other. More specifically, as 
shown in FIG. 3B, four liquid-supplying-nozzles 15 are 
disposed around the liquid immersion region AR2so that: 
one pair of the liquid-supplying-nozzles 15 are disposed 
on both sides (+X direction, -X direction) with respect to 

«o the scanning direction respectively; and another pair of 
the iiquid-supplying-nozzles 15 are disposed on both 
sides (+Y direction, -Y direction) with respect to a non- 
scanning direction respectively. 

Note that, members for flowing the liquid L therein and 
"5 forming the liquld-supplying-mechanism 10 may be 
formed of a synthetic resin, e.g., poiytetrafiuorethyiene. 
By doing this, impurities can be restricted in the liquid L. 
Thus, operation for supplying the iiquid L by the liquid- 
supplying-mechanism 1 0 Is controlled by the control de- 
so vice CONT, i.e., the control device CONT Independently 
controls: the ultra pure water device 11; the thermostat 
reservoir 12; the pump 13; and the three-way valves 16. 
By doing this, it is possible to control: the quantity of iiquid 
L produced by the liquid-supplying-mechanism 10; the 
55 temperature of the iiquid L; and the quantity of iiquid L 
supplied onto the wafer W per unit length of time, etc. 
(see FIG. 1). 

[0027] With reference to FIG. 1 again, the liquid-col- 
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iecting-mechanism 40 collecting the liquid L disposed on 
She wafer W Includes: a suction device 41 which can col- 
lect the liquid L; a plurality ofthe liquid-coilecting-nozzles 
42 disposed in the vicinity of the surface of the wafer W; 
and a connecting section 43 which connects the suction 
device 41 and the iiquld-coilecting-nozzies42. Theiiquid- 
coNecting-rrsechanism 40 further includes a tank, etc., for 
containing the collected liquid L, having been disposed 
on the wafer W, via the liquid-coilecting-nozzles 42. 
Simiiariy to the Iiquid-supplying-nozzies 15, with respect 
to directions defined on the surface of the wafer W, each 
iiquid-coliectlng-nozzle 42 disposed in the vicinity of the 
surface ofthe wafer W is disposed differently with respect 
to each other. More specifically, as shown in FIG 38, the 
iiquid-supplying-nozzies 15 are disposed around the liq- 
uid Immersion region AR2 so that: one pair of the Iiquid- 
supplying-nozzies 15 is disposed on both sides (+X di- 
rection, -X direction) with respect to the scanning direc- 
tion respectively; another pair of the liquid-suppiying- 
nozzies 15 is disposed on both sides (+Y direction, -Y 
direction) with respect to a non-scanning direction re- 
spectively; and each liquid-supplying-nozzle 15 Is pro- 
vided between by a pair of liquid-coilecting-nozzles 42. 
This is intended: to prevent defects in the exposure de- 
vice EX; and to prevent the liquid from leaking out of the 
liquid immersion region AR2, by disposing as many more 
seis of the liquid-coilecting-nozzles 42 as possible than 
the Iiquid-supplying-nozzies 15. 

Simiiariy to the Iiquid-suppiying-mechanism 10, in order 
to restrict impurities included in the liquid L, members for 
flowing the liquid L therein and forming the liquid-collect- 
ing-mechanism 40 may be formed of a synthetic resin, 
e.g., polytetrafluorethylene. 

Operation for collecting the liquid by the liquid-collecting- 
mechanism 40 is controlled by the control device CONT, 
i.e., it Is possible to control the quantity of liquid L to-be- 
collected by the iiquid-coliecting-mechanism 40 per unit 
length of time. 

[0028] .Next, a method is explained for exposing Imag- 
es of the pattern PA of the reticle R onto the wafer W 
using the above explained exposure device EX, 
To begin with, She reticle R is loaded onto the reticle stage 
RST, and the wafer W is ioaded onto the wafer stage 
WST. in order to perform a scanning exposure process, 
the control device CONT: drives the liquid-supplying- 
mechanism 10; and starts supplying the liquid onto the 
wafer W. 

With respect to operations for supplying the liquid, mem- 
bers included in the iiquid-suppiying-mechanism 1 0: the 
ultra pure water device 1 1 ; the thermostat reservoir 12; 
the pump 1 3; and the three-way valves 1 6, are operated; 
thus, the liquid L flows (circulates) in the circulation flow 
paths (pipe section 14), That is: the liquid L is produced 
by the ultra pure water device 1 1 ; the temperature of the 
liquid L is adjusted by the thermostat reservoir 1 2 based 
on measurement results outputted from the temperature 
sensor 17; and the pump 13 flows the liquid L at a pre- 
determined flow rate. Ail the liquid L flows from the send- 



ing-side-pipes 14a to the returning-side-pipes 14b via the 
three-way valves 16. By doing this, the liquid L having 
highly accurately controlled temperature flows (circu- 
lates) in the circulation flow paths (pipe sections 1 4). Sim- 

s Marly to the previous refining operation, the liquid Lf lowing 
into the ultra pure water device 11 is refined through: the 
Ion exchanging device 1 1 a; the bactericidai-uitra-violet- 
ray (UV) lamp 11b; and the filtering device 11c; thus, 
impurities and bacterium included in the liquid L are elim- 

io "mated. Similarly to the previous temperature control, the 
temperature ofthe liquid L is adjusted by the thermostat 
reservoir 12 again, and the temperature-adjusted liquid 
L is supplied to the sendlng-side-pipes 1 4a by the pump 
13 again. 

is Next, the three-way valves 16 are operated so as to sup- 
ply the liquid L from the Iiquid-supplying-nozzies 1 5 onto 
the wafer W. 

By doing this, the liquid immersion region AR2 is formed 
urtderthe liquid contact surface 2a of the optical element 

20 2 disposed at a bottom end of the projection optical sys- 
tem PL. Note that not only all the liquid L flowing in the 
circulation flow paths (pipe sections 14) may be supplied 
to the liquid immersion area AR2 but also a portion ofthe 
liquid L flowing in the circulation flow paths (pipe sections 

25 14) may be supplied to the liquid immersion area AR2. 
Fresh liquid L is produced by the ultra pure water device 
1 1 so as to compensate for the portion supplied onto the 
wafer W and introduce the liquid L continuously into the 
sending-side-pipes 14a of the pipe section 14. 

30 in addition, supplying the liquid L onto the wafer W from 
the Iiquid-supplying-nozzies 15 Is maintained after form- 
ing the liquid immersion region AR2. Also, the liquid-col- 
lecting-mechanism 40 is operated simultaneously so as 
to: collect the liquid L in order to avoid flood of the liquid 

35 over the liquid Immersion region AR2; and maintain such 
a state. 

By doing this; the liquid immersion region AR2 is filled 
with the liquid L before starting the exposure; the tem- 
perature of the liquid is adjusted continuously; and the 
fo impurity-free-liquid is supplied and collected. 

[0023] Next, predetermined preparations are conduct- 
ed, e.g.: aligning the reticle R by using a reticle micro- 
scope and an off-axis alignment sensor, etc. (not shown 
in the drawings); and measuring base lines of alignment 
45 sensors, under the control by the control device CONT 
after setting various exposure conditions. After that, fine 
alignment (enhanced global alignment (EGA), etc.) ofthe 
wafer W using the alignment sensors is completed; thus, 
disposition coordinates with respect to a plurality of shot 
so regions on the wafer W are determined. 

After completing the preparation for exposing the wafer 
W, the control device CONT, while monitoring values 
measured by the laserinterferometer66, drives the wafer 
stage driving section 61 to an acceleration starting posi- 
es tion (scanni ng start position) for a first exposure shot (first 
shot region) to the wafer W and moves the wafer stage 
WSTin accordance with results obtained in the alignment 
sensing operation. 
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Next, the control device CONT: drives the reticle stage 
driving section 51 and the wafer stage driving section. 61; 
and starts scanning the reticie stage RST and the wafer 
stage WST with respect to the X axis direction. After the 
reticie stage RST and the wafer stage WST reach a pre- 
determined scanning speed respectively, the pattern re- 
gions of the reticle R are illuminated by the exposure light 
beam EL emitted from the illuminating optical system IL, 
and the scanning exposure begins. 
Different sections in the pattern region of the reticle R 
are illuminated by the exposure light beam EL sequen- 
tially. By completing the illumination on all the pattern 
regions, the scanning exposure for the first shot region 
on the wafer W is completed. By doing this, a reduced- 
size pattern PA of the reticle R is transferred onto a photo- 
resist layer in the first shot region on the wafer W via the 
projection optical system PL and the liquid L. 
After the scanning exposure to the first shot region is 
completed, the control device CONT moves the wafer 
stage WST with respect to the X axis direction and the 
Y axis direction stepwise to be atthe acceleration starting 
position for exposing a second shot region. That is, an 
inter-shot stepping movement is conducted. 
The above explained scanning exposure is conducted 
on the second shot region. 

By doing this, the scanning exposure to the shot regions 
onthe waterVVandthe stepping movementsforexpcsing 
the following shot regions are repeated; thus, the pattern 
PA of the reticle R is transferred onto alS the shot regions- 
to-be-exposed on the wafer W sequentially. 
Also, when the wafer W is exposed, the control device 
CONT adjusts the open state of the three-way valves 16 
in accordance with a target scanning speed so that a 
necessary quantity of the liquid L in accordance with the 
target scanning speed is supplied onto the wafer W. An 
appropriate one of the three-way valves 16 is selected 
in accordance with the scanning direction and the step- 
ping direction of the wafer W; thus, opening'closlng 
movement is conducted by the selected three-way valve 
18. 

[Q03Q] After exposing the wafer W, the three-way 
valves 16 disposed in the liquid-supplying-mechanism 
1 0 are operated so as to stop supplying the liquid L onto 
the wafer W. in addition, operation of the ultra pure water 
device 1 1 , the thermostat reservoir 12, and the pump 13 
is maintained. Therefore, the liquid L In the liquid-supply- 
ing-mechanism 10 keeps flowing (circulating) in the 
above explained circulation flow paths (pipe sections 14). 
Also, the iiquid-collecting-mechanism 40 is operated so 
as to collect all the liquid L disposed on the liquid immer- 
sion region AR2. 

After completing collecting the liquid L, the wafer W is 

exchanged so as to form the liquid immersion region AR2 

on a new wafer VV; and the exposure is started. 

By repeating such operations, a plurality of wafers W are 

exposed. 

[Q031] As above explained, when the wafer W is ex- 
changed, the liquid-supplying-mechanism 10 stops sup- 



plying the liquid L onto the wafer W. Therefore, as far as 
the liquid-supplying-mechanism in a conventional expo- 
sure apparatus is concerned, liquid L stops in pipes dis- 
posed between the thermostat reservoir and iiquid-sup- 

s plying-nozzles. Such unmoving liquid L may be affected 
by external factors, i.e.: temperature of the liquid L may 
vary: impurities are included in the liquid L; and bacterium 
grow in the liquid L. in particular, if the liquid-supplying- 
mscharsism 1 0 stops supplying the liquid onto the wafer 

to W for a long time for purposes, e.g., repair, and inspec- 
tion, the temperature of the unmoving liquid L inevitably 
varies. 

Therefore, in the conventional exposure apparatus, it is 
necessary to discharge the stopped liquid L in the pipes 

is disposed between the thermostat reservoir and the liq- 
uid-supplying-nozzles if the liquid-supplying-mechanism 
10 stops supplying the liquid L onto the wafer W and 
restarts supplying the liquid L again so as to form the 
liquid immersion region AR2 on a new wafer W. if the 

20 liquid L is highly contaminated, time necessary for such 
disposal will be too long; thus, non-working time of the 
exposure apparatus will be prolonged. 
[0032] However, as far as the exposure apparatus of 
the present invention is concerned, the liquid L in the 

25 liquid-supplying-mechanism 10 flows, i.e., circulates 
continuously even when the liquid-supplying-mechanism 
1 0 stops supplying the liquid L onto the wafer W. In ad- 
dition, the ultra pure water device 1 1 and the thermostat 
reservoir 12 are disposed on the circulation flow paths. 

30 Therefore, the liquid L is refined through members of the 
ultra pure water device 11, i.e.: ion exchanging device 
11a; the bactericidal uitra-vlolet-ray (UV) lamp 1 1 b; and 
a filtering device 11c. Impurities and bacterium Included 
In the liquid L are eliminated accordingly. In addition, the 

35 liquid L passes through the thermostat reservoir 1 2 sev- 
eral times; thus, the temperature of the liquid L can be 
adjusted uniformly. 

By doing this, according to the exposure apparatus EX 
of the present embodiment, the temperature of the liquid 

40 l is prevented from varying and contamination is pre- 
vented even if the liquid-supplying-mechanism 10 stops 
supplying the liquid L onto the wafer W. Therefore, it is 
possible to form the liquid immersion region AR2 and 
restart the exposure immediately after exchanging the 

«s wafer without discharging the contaminated liquid L. 
[0033] As explained above, it is possible to continu- 
ously fill the temperature-controlled liquid L under the 
liquid contact surface 2a of the optical element 2 disposed 
In a bottom end of the projection optical system PL in the 

so present embodiment of the exposure apparatus EX, In 
addition, the liquid L Is ultra pure water; thus, there is an 
advantage that a photo-resist and the optica! elements 
disposed on the wafer Ware not affected. Also, ultra pure 
water does not affect ambient conditions and contains 

ss an extremely low amount of impurities; therefore, func- 
tion, i.e., effect can by expected for cleaning the liquid 
contact surface 2a of the optica! element 2 by the ultra 
pure water. Refractive index n of ultra pure water (water) 
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with respect to the exposure light beam EL having a 
wavelength of 193 nm is approximately 1.47; therefore, 
if a light source for emitting the exposure light beam EL 
emits an ArF excimer laser beam (having wavelength 
193 nm), high resolution having approximately 131 nm 
of shortened, i.e., 1/n, wavelength can be obtained on 
the wafer W. The depth of focus is magnified by approx- 
imately by 1 .47 times, i.e., magnified n times than a case 
in which air exists instead of the liquid Immersion region 
AR2. Therefore, a greater numerical aperture of the pro- 
jection optical system PL can be realized than in the case 
in which air exists instead of the liquid immersion region 
AR2 as long as the depth of focus remains equivalent 
whether air or liquid is used. This insight improves the 
obtained resolution. 

[Q034] FiG. 4 Is a schematic view showing the liquid- 
suppiying-mechanism 30 in which a part of pipe sections 
are formed by double pipes. Same reference numerals 
are added to the same members as the liquid-supplying- 
mechanism 1 0 so as to omit explanations thereof. 
As shown in FIG. 4, a part of a pipe section 32 in a liquid- 
suppiying-mechanism 30 is a double pipe formed by in- 
ner pipes 32a and outer pipes 32b. 
Thus, circulation flow paths of the liquid L produced by 
the ultra pure water device 1 1 are formed by: flow paths 
(sending-side-paths) formed by introducing the liquid L 
Into the inner pipes 32a of the pipe section 32 via the 
thermostat reservoir 12 and the pump 13, and by leading 
to tip sections of the pipe section 32; and flow paths (re- 
turning-side-paths) formed from tip sections of the pipe 
section 32 to the ultra pure water device 1 1 through the 
outer pipes 32b forming the pipe section 32. 
Also, the llquid-supplying-rtozzle 15 Is disposed on a tip 
of each pipe section 32 via a control valve (two-way valve) 
34 so that at least a portion of the liquid L flowing in the 
circulation flow paths (pipe sections 32) is discharged 
(supplied) onto the wafer W from the liquid-supplying- 
nozzles 15 by releasing the control valve 34. 
In the liquid-supplylng-mechanlsm 30 according to the 
present embodiment, a part of each piping section is a 
double pipe having the inner pipe 32a and the outer pipe 
32b. In addition, the liquid L flows in the circulation flow 
paths, which Is composed of the inner pipe 32a acts as 
a sendlng-side-path and the outer pipe 32b acts as a 
returning-side-path. Therefore, the liquid L flowing in the 
outer pipe 32b serves as athermaiiy-insulatlng-material; 
thus, it is possible to restrict the temperature of the liquid 
L from varying. In particular, because of the flowing liquid 
L serving as the thermally-insulating-material, the ther- 
mal-insulating effect is high. Sn addition, it is possible to 
obtain a more desirable thermal-insulating effect by using 
the liquid L, i.e. water having a greater specific heat. It is 
desirable e.g., to wind the thermally-insulating-material 
around a non-doubie-pipe portion of the pipe sections 32. 
By doing this, it is possible to: supply the refined and 
temperature-controlled liquid L onto the wafer W stably; 
restrict the wavelength of the exposure light beam EL 
emitted onto the liquid immersion region AR2 from var- 



ying; and expose micro-patterns PA onto the wafer W. 
FIG. 5 is a schematic view showing an embodiment of a 
liquid-suppiying-mechanism 70 different from the liquid- 
suppiying-mechanism 30. Same reference numerals are 

s added to the same members of the liquid-supplying- 
rrtechanlsm 30 so as to omit explanations thereof. 
The liquid-suppiying-mechanism 70 is different from the 
liquid-suppiying-mechanism 30 in that a second temper- 
ature sensor 18 is disposed on each liquid-supplying- 

1° nozzle 15 in the liquid-suppiying-mechanism 70. Each 
second temperature sensor 18 measures the tempera- 
ture of the liquid L which has passed the control valve 34 
and is about to be supplied onto the wafer W. Measure- 
ment results rrseasu red by each second temperature sen- 

15 sor 18 are sent to the thermostat reservoir 12. The ther- 
mostat reservoir 1 2 controls the temperature of the liquid 
L contained in the thermostat reservoir 1 2 in accordance 
with a measurement result corresponding to at least one 
of the temperature sensor 17 and the temperature sensor 

20 18. 

Controlling the temperature of the liquid L in the present 
embodiment is explained in detail. To begin with, each 
control valve 34 is released, if at least a portion of the 
liquid L flowing in the inner pipes 32a is supplied onto 

?$ the wafer W, the thermostat reservoir 1 2 controls the tem- 
perature of the liquid L so that the measurement results 
measured by the second temperature sensor 18 coincide 
with a predetermined target temperature. Simultaneous- 
ly, the measurement result measured by each first tem- 

30 perature sensor 17 is memorized. Alternatively, the dif- 
ference between the measurement result measured by 
the second temperature sensor 1 8 and the measurement 
result measured by the first temperature sensor 17 may 
be memorized. 

35 Next, each control valve 34 is closed so as to stop sup- 
plying the liquid L onto the wafer W. If all of the liquid L 
flowing in the inner pipes 32a flows into the outer pipes 
32b, the liquid L does not pass through each liquid-supp- 
plyng-nozzle 1 5. The measurement results measured by 

*o the second temperature sensors 1 8 are not suitable for 
controlling the temperature of the liquid L because each 
second temperature sensor 1 8 cannot measure the tem- 
perature of the flowing liquid L. Therefore, with respect 
to the thermostat reservoir 12. temperature sensors used 

45 forcontrolling the temperature of the liquid L are switched 
to She first temperature sensors 1 7 so that the tempera- 
ture of the liquid L is controlled to be the predetermined 
target temperature using only the first temperature sen- 
sors 17. In this case, the thermostat reservoir 12 uses 

so the temperature which is measured by the first temper- 
ature sensors 17 in a state where the control valves 34 
are released; and the temperature of the liquid L is con- 
trolled using the second temperature sensors 1 8 as the 
target temperature. Alternatively, the previously-memo- 

55 rized value, i.e., difference between the measurement 
result obtained by the second temperature sensor 1 8 and 
the measurement result obtained by the (first) tempera- 
ture sensor 1 7, may be offset to the final target temper- 



10 



19 



EP 1 877 341 A1 



20 



ature of the liquid L so as to determine the current target 
temperature of the liquid L. 

The liquid-supplying-mechanism 70 of the present em- 
bodiment is provided with the second temperature sen- 
sors 18; therefore, it is possible to measure the temper- 5 
ature of the liquid L which has passed the control valves 
34, and it Is possible to control the temperature of the 
liquid L supplied onto the wafer W more reliably. Also, 
the liquid-suppiying-rrtechanism 70 has several pairs of 
temperature sensors, i.e., several pairs of the first tern- 'o 
perature sensor 1 7 and the second temperature sensor 
18, so that each control valve 34 is provided between 
each pair of the sensors. Therefore, it is possible to main- 
tain optimum temperature of the liquid L even if the contro! 
valves 34 are closed. As a result of this, It is possible to 15 
contra! the temperature of the liquid L to be the target 
temperature wheneverthe control valves 34 are released 
afterwards, 

[0035] The sequence of operations explained in the 
above embodiment, shapes of members used in the em- 20 
bodiment, and combination thereof are mere examples. 
Various modifications are possible within the scope and 
spirit of the present Invention in accordance with other 
factors, e.g., processing conditions and design require- 
ments, etc. The present invention includes the following ss 
modifications. 

[0036} The present invention is not iirnited to the above 
explained embodiment showing an example in which the 
liquid L, flowing in the returning-side-pipes (outer pipes) 
14b and 32b of the pipe sections 14 and 32, returns to 30 
the ultra pure water device ! 1 . That is, the liquid L which 
has not been supplied onto the wafer W may be dis- 
charged: to the liquid-collecting-mechanism 40; or out of 
the exposure apparatus EX. 

Also, with respect to the liquid-supply! ng-mechanlsms 10 3S 
and 30, the liquid L which has not been supplied onto the 
wafer W may be returned to the thermostat reservoir 12 
instead of the ultra pure water device 1 1 . 
In order to return the liquid L to the thermostat reservoir 
12, it is desirable to dispose filters and disinfecting de- <o 
vices between: the returning-side-pipes (outerpipes) 1 4b 
and 32b in the pipe sections 1 4 and 32; and; the thermo- 
stat reservoir 1 2. 

The liquid L which has not been supplied onto the wafer 
W may be returned to the ultra pure water device 1 1 and 45 
the thermostat reservoir 12 while discharging a prede- 
termined quantity of the liquid L: to the liquid-collecting- 
mechanism 40; or out of the exposure apparatus EX. 
The present invention is not limited to the above ex- 
plained embodiment showing an example in which the so 
exposure apparatus EX has the ultra pure water device 
1 1 . That is, ultra pure water (liquid L) may be supplied to 
the exposure apparatus EX from the semiconductor fac- 
tory. In such a case, the liquid L flowing in the returning- 
side-pipes 1 4b (outer pipes 32b) may be returned to the ss 
ultra pure water device 1 1. in addition, the flow of the 
liquid L in the returning-side-pipes 14b (outer pipes 32b) 
may be joined to the liq uid-collecting-mechanism 40. Al- 



so, the liquid L may be exhausted out of the exposure 
apparatus EX. 

The present invention is not limited to the above ex- 
plained embodiment in which the temperature of the liq- 
uid L is adjusted only using the thermostat reservoir 1 2. 
That Is, additional temperature-controlling-dsvices may 
be disposed in the vicinity of the liquid-supplying-nozzies 
15. In such a case, the temperature-controlling-devices 
may be formed by combining: heaters; peltier elements; 
the liquid-supplying-nozzies 15; and temperature sen- 
sors. 

[0037] Also, as shown in FIGS- 3A and 3B, the liquid- 
supplying-nozzies 15 and the iiquid-coilecfing-nozzles 
42 may have various shapes, e.g., taper, fan, and slit. 
Also, with respect to dispositions and quantities, various 
modifications are possible to the liquid-supplying-noz- 
zies 15 and the Hquid-coiiecting-nozzies 42 desirably. 
[0038] in the above explained embodiment, the optical 
element 2, attached to a tip of the projection optical sys- 
tem PL, is a lens, it is possible to adjust optlcai charac- 
teristics, i.e., aberrations, e.g., spherical aberration and 
comatic aberration by the lens. With respect to a cheaper 
material than the lens, a plate having parallel plain sur- 
faces can be used for the opticai element 2. 
Compared to the optical element, I.e., lens contacting the 
liquid L, it is advantageous to use a plate having parallel 
and plane surfaces from a cost point of view because 
replacing a plate having parallel plain surfaces with an- 
other new plate having parallel plain surfaces can bo con- 
ducted adjacent to supplying the liquid L even if substanc- 
es (e.g., silicon-containing organic substance) deterio- 
rating opticai characteristics, i.e., transmisslvity with re- 
spect to the projection optical system PL, illumination in- 
tensity on the wafer W illuminated by the exposure light 
beam EL. and illumination distribution uniformity thereon 
attach to the plate during: transporting; assembling; and 
adjusting the exposure apparatus EX. That is, the sur- 
faces of the optical element contacting the liquid L may 
be stained if particles, splashing from photo-resist illumi- 
nated by the exposure light beam EL or impurities includ- 
ed in the liquid L, attach thereto. Therefore, the optical 
element must be replaced periodically. Replacing such 
an optical element with a piste having parallel and plain 
surfaces can realize: a lower cost of replacement parts 
than the lens; and shorter time for exchanging a plate 
with another. Thus, it is possible to restrict: Increase in 
maintenance cost (running cost); and decrease in 
throughput. 

[0039] Also, with respect to a pressure value indicating 
a pressure difference caused by the flow of the liquid L, 
if there is a great difference between the optical element 
2 disposed at the tip of the projection opticai system PL 
and the wafer W, the optical element 2 may be fixed ther- 
eon so as not to be affected by the pressure difference 
instead of using an exchangeable optica! element 2. 
[0040] Although water is used as the Liquid L in the 
above explained embodiment, the liquid L may be other 
than water. For example, considering that one of the ex- 
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posure iight beams EL, i.e., F 2 laser, is nottransmissive 
through water, the liquid L may be a fiuorine fluid, e.g., 
a fluorocarbon oil or a perfluoropolyether (PFPE) fluoro- 
carbon fluid through which the F 2 laser is transmissive. 
In such a case, it is desirable that Nquid affinity is imparted 5 
to a part of the optical element contacting the liquid L by 
forming thin films thereon including molecular substanc- 
es having small polarity, e.g., fluorine. 
Also, another liquid can be used, e.g., cedar oil having: 
iransmiftance with respect to the exposure light beam 10 
EL; as high a refractive index as possible; and stability 
with respect to the photo-resist coated on the projection 
optical system PL and the surface ofihewaferW. Insuch 
a case, surface treatment is conducted in accordance 
with the polarity of the liquid L. is 
[0041] Also, the wafer W is net limited to semiconduc- 
tor wafers used for manufacturing semiconductor devic- 
es. That is, glass substrates used for display devices, 
and ceramic wafers used for thin-film magnetic heads 
are available for use. 20 
[0042] The exposure apparatus EX may be: not only 
a scanning exposure device {scanning stepper) which 
uses a step-and-scan method in which a pattern of the 
reticle is scanned and exposed by moving the reticle and 
the wafer synchronously; but also a projection exposure ?5 
device (stepper) which uses a step-and-repeat method 
in which the pattern of the reticle is exposed in a single 
exposure session while the reticle and the wafer being 
substantially kept stationary, and the wafer is moved in 
a step manner. Also, the present invention can be applied so 
to an exposure device which uses a step-and-stitch meth- 
od in which at least two partially-overlapping patterns are 
transferred onto the wafer. 

[0043] Also, the present invention can be adapted to 
twin-stage exposure apparatuses disclosed in, e.g.: Jap- 35 
anese Unexamined Patent Application, First Publication 
No. H 10-183099; Japanese Unexamined Patent Appli- 
cation, First Publication No. H 10-214783; and Published 
Japanese translation No. 2000-505958. 
[0044] Types of the exposure apparatus EX are not 10 
limited to exposure devices used to manufacture semi- 
conductor elements by exposing patterns of semicon- 
ductor elements onto wafers. The exposure apparatus 
EX may be a wide variety of exposure devices used to 
manufacture, e.g., liquid crystal display elements, dis- *s 
plays, thin-film magnetic heads, image-capturing ele- 
ments (CCD), reticles, or masks. 
[0045] Linear motors in accordance with any one of 
types, e.g., an air-floating linear motor which uses air- 
bearings, and a rnagnetic-ievitation-type linear motor so 
which uses Lorentz force or reactance force, can be used 
forthe wafer stage and the reticle stage. Also, the stages 
in accordance with any one of types, e.g., moving along 
guides, and moving without guides, can be used, in ad- 
dition, flat motors can be used for a device for driving 55 
stages by: connecting one of either a magnetic unit (per- 
manent magnet) or an armature unit to the stage; and 
disposing the other one of either the magnet unit or the 
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armature unit onto a moving-side of stage (base). 
[0046] The reaction force generated by the movement 
of the wafer stage may be released to a floor (ground) 
mechanically, e.g., using frame members as disclosed 
in Japanese Unexamined Patent Application, First Pub- 
lication No. H 8-186475. 

[0Q47] The reaction force generated by the movement 
of the reticle stage may be released to a floor (ground) 
mechanically, e.g., using frame members as disclosed 
in Japanese Unexamined Patent Application, First Pub- 
lication No. H 8-330224. 

[0048] The numerical aperture (NA) with respect to the 
projection optical system may be 0.9 to 1 .3 in the case 
of the liquid immersion method as explained above. The 
image-focusing capability of the projection optical system 
having such a large numerical aperture NA may be de- 
teriorated due to a polarization effect if conventional ex- 
posure iight beam, e.g., a random-polarization light beam 
is used. Therefore, it is desirable to use polarization illu- 
mination. In such a case, it is desirable to illuminate 
beams having linear polarizations corresponding to a lon- 
gitudinal direction with respect to line patterns forming a 
line-and-space pattern on the reticle so that more diffract- 
ed beams having S-poiarization component (polarization 
component corresponding to a longitudinal direction with 
respect to the line pattern) are emitted from the reticle 
pattern. Compared to a case in which a space between: 
a photo-resist coating a surface of a wafer; and the pro- 
jection optical system, is filled by air (gaseous sub- 
stance), transmissivity of diffracted beams having S-po- 
iarization component, which contribute to Improving con- 
trast, is high on a surface of the photo-resist if the space 
between: the photo-resist coating the surface of wafer; 
and the projection optical system, is filled by liquid, There- 
fore, it is possible to realize better image-focusing capa- 
bility even if the numerical aperture NA o* the projection 
optical system exceeds 1.0. Also, it is more effective to 
combine a phase-shift mask and oblique incident illumi- 
nation method (in particular, dipole-illumination-method) 
conducted corresponding to a longitudinal direction with 
respect to the line pattern disclosed in, e.g., Japanese 
Unexamined Patent Application, First Publication No. H 
6-188169. 

Also, it Is effective not only to combine: the oblique inci- 
dent illumination method; and a linear polarization illumi- 
nation (S-rnode polarization illumination) method in 
which beams correspond to a longitudinal direction of the 
line pattern of the reticle; but also to combine: the oblique 
incident illumination method; and a polarization illumina- 
tion method in which beams have linear polarization 
(modes) with respect to a tangent line direction contact- 
ing a circle having a center corresponding to an optical 
axis, as disclosed in Japanese Unexamined Patent Ap- 
plication, First Publication No. H 6-53120. in particular, 
even if: the numerical aperture NA of the projection op- 
tical system is remarkably great; and the reticle pattern 
includes not only line patterns expanding with respect to 
a predetermined direction but also line patterns expand- 
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ing with respect to a plurality of different directions, it is 
possible to realize better irnj^ge-foeusing capability by 
compatibly conducting: the polarization illumination 
method in which beams have linear polarization (modes) 
with respectto a tangent line direction contacting a circle s 
having a center corresponding to an optica! axis; and 
annular illumination method; as disclosed in the previ- 
ously mentioned Japanese Unexamined Patent Applica- 
tion, First Publications No. H 6-53120. 

[0049] The exposure apparatus adapting the present 10 
invention is manufactured by assembling various sub- 
systems, e.g., each element recited in Claims of the 
present application so that the exposure device main- 
tains predetermined accuracies, i.e., mechanics! accu- 
racy, electrical accuracy, and optical accuracy, in order '5 
to achieve these accuracies, the optical accuracy is ad- 
justed in each of the optical systems, the mechanical 
accuracy is adjusted in each of the mechanical systems, 
and the electrical accuracy is adjusted In each of electri- 
cal systems before and after the assembly. Steps in so 
which the sub-systems are assembled to manufacture 
the exposure device include mutual connections, i.e., 
mechanical connection among the sub-systems, electri- 
cal connection of wirings and electrical circuits, and pipe 
connection of air pressure circuits. Each one of the sub- ss 
systems must be assembled before the assembly of the 
sub-systems to manufacture the exposure device. After 
assembling the sub-systems to manufacture the expo- 
sure device is completed, comprehensive adjustment is 
conducted; thus, the accuracies are obtained for the en- 30 
tire exposure device, It is desirable that the exposure 
device be manufactured in clean rooms in which temper- 
ature and cleanliness are controlled. 
[G050] Also, as shown in FIG. 6, the semiconductor 
device is manufactured by: step 201 for designing tunc- 35 
tion and capability of the device; step 202 for manufac- 
turing a mask (reticle) based on the design of the step 
201; step 203 for manufacturing wafers from a silicon 
material; step 204 for treating the wafers, step 204 In- 
cluding a photolithographic step in which patterns of the *o 
reticle are exposed onto the wafers using the exposure 
apparatus of the above explained embodiment; step 205 
for assembling devices, e.g., dicing step, bonding step, 
and packaging step; and step 206 for inspection, etc. 

45 

INDUSTRIAL APPLICABILITY 

[QQ51J According to the present invention, the liquid 
does not stop in the pipe sections when wafers are ex- 
changed; therefore, the temperature of the liquid hardly so 
varies and contaminants hardly invade into the liquid. 
Also, it is possible to prevent: the temperature of the liquid 
from varying; and the liquid from containing impurities, 
while minimizing the quantity of the liquid-to-be-con- 
sumed. Also, it is possible to supply the liquid having an ss 
approximately constant temperature onto the substrate 
from the liquid-suppiying-section. 



Claims 

1 . An exposure apparatus that: projects pattern images 
onto a substrate via a liquid and a projection optical 
system, the liquid forming a liquid immersion region 
between the projection optical system and the sub- 
strate; and exposes the substrate, the apparatus 
comprising: 

a liquid-suppiying-section that supplies the liq- 
uid onto the substrate; 

a firs! pipe section that introduces the liquid to 
the liquid-suppiying-section; and 
a second pipe section, connected to the first pipe 
section, that collects the liquid which has not 
been supplied to the liquid-suppiying-section 
from the first pipe section. 

2. An exposure apparatus according to Claim 1 , where- 
in at least a portion of the liquid circulates in the first 
pipe section and the second pipe section. 

3. An exposure apparatus according to Claim 1 , further 
comprising a thermostat reservoir which: maintains 
the temperature ofthe liquid approximately constant; 
and supplies the liquid to the first pipe section, 

4. An exposure apparatus according to Claim 3, further 
comprising temperature measuring sections that 
measure the temperature of the liquid supplied onto 
the substrate, the temperature control sections being 
disposed at least in one of the first pipe section and 
the liquid-suppiying-section, wherein 

the thermostat reservoir controls the temperature of 
the liquid in accordance with measurement results 
measured by the temperature measuring sections. 

5. An exposure apparatus according to Claim 3, where- 
in the second pipe section is connected to the ther- 
mostat reservoir. 

6. An exposure apparatus according to Claim 1 , further 
comprising a refining device that refines the liquid 
supplied to the first pipe section. 

7. An exposure apparatus according to Claim 8, where- 
in thesecond pipe section is connected to the refining 
device. 

8. An exposure apparatus according to Claim 1 , where- 
in the first pipe section and the second pipe section 
form a double pipe so that the second pipe section 
is disposed around the first pipe section together. 

9. An exposure apparatus according to Claim 1 .where- 
in the liquid-suppiying-section has an aperture 
mechanism that adjusts a quantity of the liquid sup- 
plied onto the substrate. 
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10. An exposure apparatus according to Claim 1, where- 
in the first pipe section, the second pipe section, and 
the liquid-supplying-section, are connected bythree- 
way- valves. 

5 

11. An exposure method of: forming a liquid immersion 
region by supplying liquid between a projection op- 
tical system and a substrate; projecting pattern im- 
ages onto the substrate via the liquid and the pro- 
jection optical system; and exposing the substrate, to 
the method comprising: 

flowing the liquid; and 

supplying at least a portion of the flowing liquid 

to the substrate. is 

12. An exposure method according to Claim 1 1 , further 
comprising: 

stopping supplying the liquid onto the substrate; 20 
and 

flowing a!! the liquid. 

13. An exposure method according to Claim 1 I , further 
comprising: 

collecting the liquid; 

controlling temperature of the collected liquid; 
and 

supplying the temperature-controlled liquid. 30 

14. A device-manufacturing method including litho- 
graphic steps, wherein the method uses the expo- 
sure apparatus according to any one of Claims 1 to 

10. 35 
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Liquid removal in a method and device for irradiating spots on a layer 



The invention relates to a method of irradiating a layer according to the 
introductory portion of claim 1 and to a device for irradiating a layer according to the 
introductory portion of claim 7. 

In several embodiments of liquid immersion in dynamic systems, liquid 
5 immersion is maintained through continuously supplying liquid. A liquid film is maintained 
between the lens and the object by constantly supplying liquid through a first supply conduit, 
e.g. a hole, just upstream of the immersion lens at a sufficiently high pressure to avoid gas 
inclusion. The moving surface pulls the liquid to the image field, herewith ensuring the 
imaging field to be immersed. Even though with a careful design of the immersion system 

10 liquid flow can be kept low, still continuously liquid is supplied. For stable continuous 
operation, it is advisable to remove the liquid. 

In WO-A-02/13 194 a method and a system of the initially identified type are 
proposed to remove the liquid, related to liquid immersion mastering of optical discs. 
According to this publication, first a master mold is manufactured, and then, by means of the 

1 5 master mold or by means of a daughter mold manufactured by means of the master mold, an 
optically scannable information carrier is manufactured by means of a replica process. For 
manufacturing the master mold, a modulated radiation beam which is directed and focused to 
a scanning spot on a photosensitive layer carried by a substrate by means of an optical lens 
system and the substrate and the lens system are moved relatively to each other. An 

20 interspace between the photosensitive layer and a nearest surface of a lens system facing the 
photosensitive layer is maintained filled up with a liquid. 

For moving the substrate relative to the lens system a table carrying the 
substrate is rotated about an axis of rotation. By means of a displacement device, the lens 
system can be displaced with a radial directional component with respect to the axis of 

25 rotation of the table. A liquid supply means supplies the liquid into the interspace between 
the photosensitive layer and a nearest optical surface of the lens system. 
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Another method and device for directing a radiation beam to a spot on a 
photosensitive layer, in which an interspace between the lens and the layer is maintained 
filled with liquid is disclosed in JP-A-1 02553 19. 

It is also known to maintain a gap between a lens and a surface to be irradiated 
5 filled with a liquid in optical imaging methods and apparatus, such as optical projection 

lithography, in which the spot formed by the radiation projected onto the surface is an image 
or a part of an image. Such a method and apparatus are described in international patent 
application WO99/49504. 

The liquid immersion in dynamic systems, such as wafer steppers in optical 

10 lithography and mastering machines in optical disc manufacturing may be maintained by a 
continuous supply of liquid. Preferably, a liquid film is maintained between the lens and the 
object by constantly supplying liquid through a hole just upstream of the immersion lens at a 
sufficiently high pressure to avoid gas inclusion. The moving surface entrains the liquid to 
the image field, ensuring that interspace between the imaging field (the spot) and the optical 

1 5 element closest thereto is maintained immersed. Even though with a careful design of the 

immersion system liquid flow can be kept low, still continuously liquid is supplied. For stable 
continuous operation, it is advisable to remove the liquid. However, a key problem is to break 
up the adhesive forces between the liquid and the substrate surface without damaging the 
surface of the substrate. The substrate layer is often very delicate, for instance a soft resist 

20 layer. 

Imaging systems such as wafer steppers and optical disc mastering equipment 
usually are very sensitive to mechanical disturbances. Varying forces exerted by the liquid 
film easily cause undesirable vibrations, which disturb the precision with which the image is 
projected onto the surface. 

25 

It is an object of this invention to reliably remove liquid of a thin liquid film 
from a substrate without damaging the surface and minimizing mechanical disturbances, in 
an imaging system for irradiating a surface, such as for example wafer steppers and optical 
30 disc mastering equipment. - 

According to the invention, this object is achieved by providing a method 
according to claim 1 . Also according to the invention, a device according to claim 7 is 
provided for carrying out a method according to claim 1 . 
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Using a gas flow directed towards the layer, adhesion between the liquid and 
the layer can be broken up very effectively, without damaging the layer and the liquid can be 
removed easily from the vicinity of the gas flow where the adhesion is broken up. The gas 
flow pushes the liquid from the disc. An additional advantage of this system is that most 
5 non-sticking particles will be removed too. 

Also according to the invention, the gas may be pumped through a second 
supply conduit at a pressure sufficiently high to cause a net gas flow in the direction opposite 
to the direction of relative movement of the layer in order to remove the liquid from the layer 
through a drainage conduit. 
10 Particular embodiments of the invention are set forth in the dependent claims. 

Other objects, features and effects, as well as details of this invention appear from the detailed 
description of a preferred form of the invention. 

15 Fig. 1 is a schematic side view of an example of a device for directing 

radiation to a spot on a layer; 

Fig. 2 is a schematic, cross-sectional view of a distal end portion of an 
example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 
is directed and of a liquid flow maintained in operation; 
20 Fig. 3 is a schematic, bottom view along the line III-III in Fig. 2; 

Fig. 4 is an enlarged representation of a portion of Fig. 2 including the zone to 
which a gas flow is directed; 

Fig. 5 is a schematic top plan view representation of a wafer stepper/scanner 
for optical lithography. 

25 

In the manufacture of an optically scannable information carrier, such as a CD 
or a DVD, a disc-shaped substrate 3 of glass (see Fig. 1) carrying a thin photosensitive layer 
5 on one of its two sides is irradiated by means of a modulated radiation beam 7, for instance 
30 a DUV laser beam with a wavelength of approximately 260 nm. According to the example 
shown in Fig. 1, the photosensitive layer 5 is irradiated using a device 25, which is described 
hereinafter with reference to Figs. 1-4. The radiation beam 7 is focused to a scanning spot 1 1 
on the photosensitive layer 5 by an optical system in the form of a lens system 9, including a 
plurality of optical elements. The lens system 9 includes a most distal lens 59, which is the 
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one of the optical elements of the lens system 9 that is located nearest to the layer 5 when in 
operation. An interspace 53 is maintained between the layer 5 that is irradiated and the one 
59 of the optical elements of the lens system 9 that is located nearest to the layer 5. The 
optical elements may also include other items than lenses, such as filters, shields, diffraction 
5 gratings or mirrors. 

The layer 5 and the lens system 9 are displaced with respect to each other, so 
that the modulated radiation beam 7 on the photosensitive layer 5 successively irradiates a 
series of spots on the layer 5. The irradiated photosensitive layer 5 is subsequently developed 
by means of a developing liquid, which dissolves the irradiated portions and leaves the non- 
10 irradiated portions of the layer on the substrate 3. It is also possible to provide that the 

irradiated portions are left while the non-irradiated portions are dissolved. In both cases, a 
series of pits or bumps, which corresponds to the desired series of pit-shaped information 
elements on the information carrier, are formed in the photosensitive layer 5. The 
photosensitive layer 5 is subsequently covered with a comparatively thin layer of for instance 
15 nickel by means of a sputtering process. Subsequently, this thin layer is covered with a 

comparatively thick nickel layer in an electro deposition process. In the nickel layer, which is 
eventually removed from the substrate 3, the pattern of pits formed in the photosensitive 
layer 5 leaves a corresponding pattern that is a negative of the pattern to be formed in the 
information carrier to be manufactured, i.e. the master mold comprises a series of raised 
20 portions, which correspond to the series of pit-shaped elements formed in the photosensitive 
layer 5 and to the desired series of pit- shaped information elements on the information 
carrier. The master mold is thus rendered suitable for use as a mold in an injection-molding 
machine for injection molding the desired information carriers. Generally, however, a copy 
of the master mold is used as the mold for injection molding instead of the master mold, 
25 which copy of the master mold is commonly referred to as daughter mold, which is 

manufactured by means of the master mold using a customary replica process which is 
known per se. 

The substrate 3 with the photosensitive layer 5 is carried by a table 27 that is 
rotatable about an axis of rotation 29, which extends perpendicularly to the table 27 and the 
30 substrate 3 . The table can be driven by means of a first electromotor 3 1 . The device 25 
further comprises a radiation source 33, which, in the example shown, is a laser source, 
which is secured in a fixed position to a frame 35 of the device 25. It is observed that, as an 
alternative, the radiation may also be obtained from outside the device. Control over the 
radiation directed to the layer 5 can be achieved in many ways, for instance by controlling the 
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radiation source 33 and/or by controlling a shutter or radiation diverter (not shown) between 
the radiation source 33 and the layer 5. 

The optical lens system 9 is secured onto a first traveler 37, which can be 
displaced radially (parallel to the X-direction in the drawings) relative to the axis of rotation 
29, by means of a first displacement structure 39. For this purpose, the first displacement 
structure 39 includes a second electromotor 41 by means of which the first traveler 37 can be 
displaced over a straight guide 43, which extends parallel to the X-direction and is fixed 
relative to the frame 35. 

A mirror 45 in line with an optical axis 49 of the lens system 9 is also secured 
to the first traveler 37. In operation, the radiation beam 7 generated by the radiation source 33 
follows a radiation beam path 47 extending parallel to the X-direction, and the radiation 
beam 7 is deflected by the mirror 45 in a direction parallel to the- optical axis 49 of the lens 
system 9. The lens system 9 can be displaced in the direction of its optical axis 49 by means 
of a focus actuator 51, over comparatively small distances with respect to the first traveler 3, 
so that the radiation beam 7 can be focused on the photosensitive layer 5. The table 27 with 
the substrate 5 is rotated about the axis of rotation 29 at a comparatively high speed by means 
of the first motor 31, and the lens system 9 is displaced parallel to the X-direction by means 
of the second motor 41 at a comparatively low speed, so that the scanning spots 1 1 where the 
radiation beam 7 hits the layer form a spiral-shaped trail over the photosensitive layer 5 of 
irradiated and non-irradiated elements. 

The device 25 can suitably be used to manufacture master molds having a 
comparatively high information density, i.e. by means of the device 25, a comparatively large 
number of irradiated elements can be provided per unit area of the photosensitive layer 5. The 
attainable information density increases as the spot 1 1 is smaller. The size of the spot 1 1 is 
determined by the wavelength of the radiation beam 7 and by the numerical aperture of the 
lens system 9, the numerical aperture depending upon the optical refractive index of the 
medium present between the lens system 9 and the photosensitive layer 5. A smaller size of 
the spot 1 1 is attainable as the refractive index of the medium present between the lens 
system 9 and the photosensitive layer 5 is larger. Liquids typically have a much larger optical 
refractive index than air and- therefore the portion of the interspace 53 between the lens 
system 9 and the photosensitive layer 5 through which the beam 7 extends is maintained 
filled with a liquid - according to this example water. In the present example, water is also 
particularly suitable because it is transparent to the DUV radiation beam 7 used and it does 
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not attack the photosensitive layer 5. However, throughout the present detailed description, 
where water is mentioned it may also be replaced by any other suitable liquid. 

Figs. 2 and 3 show, in more detail, the lens system 9, the substrate 3 with the 
photosensitive layer 5, and the interspace 53 between the photosensitive layer 5 and the lens 
system 9. The lens 59 nearest to the layer 5 has an optical surface 63 facing the substrate 3 
and nearest to the substrate 3. The lenses 55, 59 are suspended in a housing 61, which 
includes a flat surface 65, which faces the layer 5 and which substantially extends in a plane 
perpendicular to the optical axis of the lens 59 nearest to the layer 5. 

In operation, the portion of the interspace 53 through which the radiation 7 
irradiates the spot 1 1 on the layer 5 is maintained filled with water 91. The water 91 is, at 
least to some extent, protected against being entrained from the interspace 53 in a recess 92 
in the lens system 9 facing the layer 3. 

The optimum working distance between the layer 5 and the wall 65, i.e. the 
portion of the lens assembly nearest to the layer 5, is determined by two factors. On the one 
hand, the distance should be large enough to retain sufficient tolerance on the distance 
between the substrate 3 and arrangement of the lenses 55,59 and the housing 61 . On the 
other hand, this distance should not be too large, because this would require a too large water 
flow to maintain the immersed condition of the portion of the interspace 53 through which 
the radiation passes to the spot 1 1. A presently preferred range for the smallest thickness of 
the interspace 53 is 3 - 1500 um and more preferably 3 - 500 um. Larger values for the 
smallest thickness of the interspace can be particularly advantageous if the liquid has a larger 
viscosity than water. Also the overall width of the outflow opening affects the upper end of 
the preferred range for the smallest thickness of the interspace, the smallest thickness of the 
interspace being preferably smaller than (100 + 1/20 * W)um in which W is the overall width 
of the outflow opening measured in a plane parallel to the layer 5. The smallest thickness of 
the interspace may be larger than approximately 10 um, for instance larger than 15 um, 30 
um or even 100 um, to increase the insensitivity to tolerances. 

The outflow opening 90, is at least to a large extent, centered relative to the 
portion of the interspace 53 through which radiation passes to the spot 11. Accordingly, the 
direction of movement of the layer 5 and the lens arrangement 9 relative to each other in the 
area of the spot 1 1 can be varied substantially without disrupting complete immersion of the 
portion of the interspace 53 through which the spot 1 1 is irradiated. 

The more the direction of movement of the layer 5 and the lens system 9 
parallel to the layer 5 in the area of the spot 1 1 can be changed without disrupting the 
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immersion of the portion 94 (see Fig. 3) of the interspace 53 through which the radiation 
actually passes, the more the device is suitable for applications in which the spot 1 1 needs to 
move over the surface of the layer in widely varying directions, such as in imaging processes 
in which the spot is a two-dimensional image projected to the layer 5. In such applications, 
5 the advantage of a comparatively large refractive index between the lens system and the 

medium between the lens system and the irradiated surface is that the image can be projected 
with a higher resolution, which in turn allows further miniaturization and/or an improved 
reliability. 

An example of such applications is optical projection lithography for the 

10 processing of wafers for the manufacture of semiconductor devices. An apparatus and a 
method for this purpose are schematically illustrated in Fig. 5. Wafer steppers and wafer 
scanners are commercially available. Accordingly, such methods and apparatus are not 
described in great detail, but primarily to provide an understanding of water immersion as 
proposed in the present application in the context of such optical imaging applications. 

15 The projection lithography apparatus according to Fig. 5 includes a wafer 

support 12 and a projector 13 having a lens assembly 14 above the wafer support 12. In Fig. 
5, the wafer support 12 carries a wafer 15 on which a plurality of areas 16 are intended to be 
irradiated by a beam projecting an image or partial image of a mask or reticle 17 in a scanner 
18 operatively connected to the projector 13. The support table is moveable in X and Y 

20 direction along spindles 19, 20 driven by spindle drives 21, 22. The spindle drives 21, 22 and 
the scanner 18 are connected to a control unit 23. 

Usually one of the following two principles of operation is applied in optical 
lithography. In the so-called wafer stepper mode, the projector projects a complete image of 
the reticle onto one of the areas 16 on the wafer 15. When the required exposure time has 

25 been reached, the light beam is switched off or obscured and the wafer 15 is moved by the 
spindle drives 21, 22 until a next area 16 of the wafer is in the required position in front of 
the lens assembly 14. Dependent on the relative positions of the exposed area and the next 
area to be exposed, this may involve relatively quick movement of the lens assembly 14 
along the surface of the wafer in widely varying directions. The size of the irradiated spot on 

30 -the surface of the wafer in which the image of the reticle is proj ected is typically about 20 x 
20 mm, but larger and smaller spots are conceivable. 

In particular when it is desired to manufacture larger semiconductor units, it is 
advantageous to project the image in the other mode, usually referred to as the wafer scanner 
mode. In that mode, only a slit-shaped portion of the reticle is projected as a slit shaped spot 
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having a length that is several (for instance four or more) times larger than its width in an 
area 16 on the surface of the wafer 15. A typical size for the spot is for instance 30 x 5 mm). 
Then, the reticle 17 to be scanned is moved along the scanning window while the wafer 
support 12 is synchronously moved relative to the lens assembly 14 under control of the 
control unit 23 with a velocity adapted so that only the projection spot, but not the scanned 
partial image portions of the reticle 17 that are projected on the wafer move relative to the 
wafer 15. Thus, the image of the reticle 17 is transferred to an area 16 of the wafer as 
successive portions "unroll" as the spot progresses over the wafer. The movement of the 
wafer 15 relative to the lens assembly 14 while a running window portion of the reticle is 
projected onto the wafer 15 is usually carried out relatively slowly and usually each time in 
the same direction. After the complete image of a reticle 17 has been projected onto the wafer 
15, the wafer 15 is generally moved much more quickly relative-to the lens assembly 14 to 
bring a next area of the wafer 15, where a next image of the reticle 17 is to be projected, in 
front of the lens assembly 14. This movement is carried out in widely varying directions 
dependent on the relative positions of the exposed area 16 of the wafer 15 and the next area 
16 of the wafer 15 to be exposed. To be able to recommence irradiating the surface of the 
wafer 15 after the displacement of the wafer 15 relative to the lens 14 (i.e. also the lens or the 
lens and the wafer may be moved), it is advantageous if the water volume in the interspace 
between the lens 14 and the surface of the wafer 15 through which the radiation passes is 
immediately filled with water after completion of that movement, so that the space is reliably 
immersed before radiation is recommenced. 

Also for optical lithography, water can be used, for instance if the radiation is 
light of a wavelength of 193 nm. However, in some circumstances other liquids may be more 
suitable. 

For supplying water 91 to the interspace 53 between the lens 59 and the layer 
5, a water supply conduit 67 extends through the housing 61 and leads to an outflow opening 
90. According to the present example, the outflow opening 90 has the form of a slit in a 
surface 54, which slit 90 is open towards the layer 5, for distributing supplied water 91 
longitudinally along the slit 90 and dispensing distributed water towards the layer 5. In 
operation, the water 91 is distributed via the slit 90 longitudinally along that slit and the water 
91 is dispensed from the slit 90 towards the layer 5. This results in a relatively wide water 
trace 95 and full immersion of the portion 94 of the interspace 53 through which the radiation 
beam 7 passes, even if the direction of movement of the lens system 9 and the layer 5 relative 
to each other parallel to the plane of the layer 5 is changed substantially. 
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The slit 90 can have various forms. In the embodiment shown in Figs. 2 and 3, 
the slit is formed such that the outflow opening 90 is located outside the radiation beam 7 and 
extends around the portion 94 of the interspace 53 through which the radiation 7 irradiates 
the spot 11. The cross 96 indicates the center, seen in a direction parallel to the optical axis of 
the lens system 9, of the total cross-sectional passage area of the outflow opening 90. 

The water 91 is preferably supplied at a pressure drop between the slit 90 and 
the environment that is just sufficient to keep portion of the interspace 53 through which the 
radiation passes reliably immersed. Thus, the amount of water fed to the surface is kept to a 
minimum. 

Furthermore, when the water 91 is dispensed via a slit-shaped outflow opening 
90, the smallest thickness of the interspace 153 (in this example the distance between the 
layer 5 and the surface 54 of the wall portion 65) may be larger, without causing an undue 
risk of disrupting the immersion of the portion 94 of the interspace through which the 
radiation passes. 

The flow rate at which the water 91 is supplied is preferably such that it can be 
reliably ensured that a laminar flow with an essentially linear velocity profile is present in the 
interspace 53. Such a flow exerts a substantially constant force on the wall 65 in which the 
canal 90 is provided and on the side 63 of the lens 59 nearest to the layer 5. As a result, the 
water present in the interspace 53 exerts substantially no variable water forces on the lens 
system 9. Such varying water forces may lead to undesirable vibrations of the lens system 9 
and hence to focusing errors and positioning errors of the radiation beam 7 on the 
photosensitive layer 5. The flow is preferably free of air inclusions, so that the radiation beam 
7 is not disturbed. 

The water that has been supplied to the layer 3 also has to be removed. The 
key problem herein is to break up the adhesive forces between the liquid and the surface. In 
particular when the surface moves fast, such as during the manufacture of masters for 
manufacturing optical discs, or during movement of a wafer between positions where reticles 
are to be created, this break-up requires large forces. The surface of the layers, however, 
usually is very delicate, often a soft resist layer. Moreover, imaging systems such as wafer 
steppers" and optical disc mastering equipment usually are very sensitive to mechanical 
disturbances. Two phase flow of liquid and gas, which is difficult to avoid in dynamic liquid 
immersion systems usually is accompanied by mechanical disturbances. 



WO 2004/055803 PCT/IB2003/005200 

10 

A presently most preferred embodiment of an arrangement and method 
according to the invention for removing the thin liquid film without damaging the surface 
while minimizing mechanical disturbances is illustrated in Figs. 2 and 3. 

An air outflow opening 70 is provided for directing an airflow (arrows 71, 72, 
5 73) to a zone 74 of said layer 3 preventing water 91 from passing that zone 74. According to 
the present example, the air outflow opening communicates with an air supply source 75 as is 
schematically shown in Fig. 2. The air supply source 75 may for instance include a ventilator 
or an air pump and may include a reservoir in which air is stored under pressure. Instead of 
air, the reservoir may also contain a specific gas or mixture of gases. Furthermore, an 
10 arrangement for detecting the flow rate of the air, such as a valve or a heated wire and a 
control valve for controlling the flow rate in accordance with differences between the 
measured flow rate and the desired flow rate may be provided. - 

The airflow is preferably supplied at a pressure sufficiently high to cause a net 
airflow in a direction along the layer 3 opposite to the direction 30 of the movement of the 
1 5 layer 3 relative to the optical system 9. It is thus ensured that water is pushed off the layer 3 
and does not reach the portion of the zone 74 where the airflow 71 is bent in different 
directions 72, 73 and where water might also be urged away from the immersed interspace 53 
instead of being restrained to stay in an area closely about the immersed interspace 53. 

Furthermore, a discharge channel 76 having an inlet 77 in the vicinity of the 
20 air outflow opening 70, and therefore of zone 74, is provided for drawing away (arrows 78, 
79, 80) water 91 from the layer 3. 

In operation, the airflow 71-73 that is directed to the zone 74 of the layer 3 
prevents water 91 from passing that zone 74 by breaking up the adhesion between the water 
91 and the layer 3 and forming a barrier in which the pressure is high enough to prevent the 
25 water 91 from passing through the zone 74. At the same time, in the vicinity of the zone 74, 
the water 91 that is prevented from passing the zone 74 is drawn away from the layer 3 via 
the discharge channel 76. Thus, the initial separation of water 91 from the layer 3 by blowing 
the water off the layer 3 in the area of the zone 74 is followed by discharge of that water via 
the discharge channel 76. Since the water 91 is separated from the layer 3 by airflow, the risk 
30 of causing damage to the layer 3 is virtually non-existent. 

The air outflow opening 70 for directing the airflow 71-73 is a slit. This allows 
to direct the airflow towards the layer along an elongate zone which is particularly effective 
for preventing water 91 from displacing away from the optical system 9 beyond the zone 74, 
in particular if at least a portion of the slit 70 extends transversely to the direction of 
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movement 30 of the layer 3 relative to the optical system 9. The movement of the layer 3 in 
the direction 30 then entrains the water 91 applied to the layer 3, until it reaches the zone 74 
where the airflow 71-73 is directed towards the layer 3. There the airflow 71-73 causes the 
water 91 to be separated from the layer 3 and the separated water is drawn away from the 
5 layer 3. 

As is best seen in Fig. 3, the air outflow opening 70 and the inlet 77 of the 
discharge channel 76 extend about the interspace 53 between the layer 3 and the closest one 
59 of the lenses of the optical system 9 that is maintained filled with water. This allows to 
reliably prevent applied water 91 from escaping from the area under the optical system 9 

1 0 independently of the direction (parallel to the layer 3) in which the layer 3 is moved, without 
having to resort to more complicated and/or less rigid alternative solutions, such as directing 
the airflow selectively from one or more of a plurality of outflow openings or rotating an 
outflow head about the optical axis of the lens system 9 to keep the outflow opening in a 
position downstream of the immersed interspace. The circular shape of the air outflow slit 70 

15 and the inlet slit 77 provides for an even distribution of the air outflow and of the suction 
completing the removal of water from the layer 3. 

As is schematically indicated in Fig. 2, the discharge channel 76 connects to 
vacuum source 81 that maintains a flow 78 through the discharge channel. As is also 
schematically indicated in Fig. 2, the discharge channel 76 extends through a water collector 

20 83 in which the water removed from the layer 3 is separated from the airflow and may be 
collected or discharged. 

The airflow and can be reduced by reducing the height of the interspace 
between the layer 3 and a boundary surface 83 facing the layer into which the airflow is 
introduced, ha turn, this is advantageous for reducing disturbances caused by the two-phase 

25 flow system. However, a flying height smaller than 2 um requires very tight tolerances. 
Therefore, the airflow 71 is entered into an interspace between the layer 3 and a boundary 
surface 83 having a width (measured perpendicular to the layer 3) of at least 2 um and 
preferably at least 5 um and at most 100 um and preferably about 30 um. 

The water 91 forms a film on the layer 3 having a thickness, and wherein an 

30 interspace 86 between the layer 3 and a surface 87 facing the layer 3 upstream of the 

discharge channel 76, where the water is discharged, is larger than the thickness of the film. 
This facilitates the flow of water towards the discharge channel 76 and reduced the pressure 
at which air needs to be supplied to reliably ensure that no water passes beyond the zone 74. 
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The displacement of water at a relatively moderate flow rate of the air supply 
is also enhanced by drawing away water and air from the layer 3 at a higher flow rate than 
the sum of the flow rates at which air and water are supplied via the channels 67 and 70. 
Thus, all or virtually all air that is supplied via the channel 70 is drawn towards water and a 
5 relatively moderate air supply pressure is sufficient to ensure that all water is lead to the 

discharge channel 76. The discharge channel 76 has a capacity larger than the water and net 
upstream gas flow to avoid chaotic splashing at the air-water interface. In the direction 
perpendicular of the movement of the substrate and in the plane of the substrate, the size of 
the slit and discharge channel 76 are preferably at least the size of the liquid film. 
10 Putting the gas supply hole close to the vacuum channel can reduce the 

required gas pressure. Additional advantage of this system is that most non-sticking particles 
will be removed too. 

A constant and low flying height may be achieved by mounting the proposed mechanism to 
an air bearing. Provided that the layer 3 is sufficiently fiat, this allows maintaining a constant 

15 and low height without damaging the surface of the layer 3. The proposed mechanism may 
even be integrated within the air bearing, utilizing the high-pressure channel of the air 
bearing to push of the water off the surface of the layer 3. 

The air supply channel 70 and the water discharge channel 76 extend through 
a structure that is rigidly connected to the lens system 9, automatically ensuring that the 

20 flying height is kept constant. To avoid the transfer of mechanical vibrations in the water 

removal system to the lens system 9, it may, however, be advantageous to only have a weak 
connection or axial guidance between the structure containing the air supply channel 70 and 
the water discharge channel 76, in particular if the supplied air ensures that the distance 
between the surfaces 83 facing the layer 3 and the layer 3 are maintained within a range 

25 suitable for ensuring complete water displacement and avoiding contact with the surface of 
the layer 3. 
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1 . A method of irradiating a layer (3) including: 

directing and focusing a radiation beam (7) to a spot (1 1) on said layer (3) by 
means of at least one optical element (59); 

causing relative movement of the layer (3) relative to said at least one optical 
5 element (59) so that, successively, different portions of the layer (3) are irradiated and an 
interspace (53) between a surface of said at least one optical element (59) nearest to said 
layer (3) is maintained; and 

maintaining at least a portion of said interspace (53) through which said 
radiation irradiates said spot (1 1) on said layer (3) filled with a liquid (91) supplied via a 
10 supply conduit; 

characterized by directing gas (71-73) to said layer (3); and 

removing supplied liquid (91) from said layer (3) in the vicinity of a flow of 
said gas (71-73). 

15 2. A method according to claim 1, wherein said gas (71-73) is supplied at a 

pressure sufficiently high to cause a net gas flow (71-73) in a direction along said layer (3) 
opposite to the direction (30) of said movement of said layer (3). 

3. A method according to claim 1 or 2, wherein the flow of said gas (71-73) is 
20 entered into an interspace between said layer (3) and a boundary surface (83) having a width 

of at least 2 um and preferably at least 5 urn and at most 100 nm and preferably 30 um. 

4. A method according to claim 3, wherein the liquid (91) forms a film on said 
layer (3) having a thickness, and wherein an interspace (86) between said layer (3) and a 

25 surface (87) facing said layer (3) upstream of an area where the liquid is discharged is larger 
than the thickness of said film. 
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5. A method according to any one of the preceding claims, wherein liquid (91) 

and gas are drawn away from said layer (3) at a higher flow rate than the sum of the flow 
rates of said gas flow (71-73) and the supply of said liquid (91). 

5 6. A method according to any one of the preceding claims, wherein said gas (71- 

73) is air. 

7. A device for directing radiation to a layer (3) including: 

at least one optical element (59) for focusing a beam (7) of radiation 
10 originating from a radiation source (33) to a spot (1 1) on said layer (3); 

a displacement structure for causing relative movement of the layer (3) relative 
to said at least one optical element (59) so that, successively, different portions of the layer 
(3) are irradiated and an interspace (53) between said layer (3) and a surface of said at least 
one optical element (59) nearest to said spot (1 1) is maintained; and 
15 an outflow opening for supplying liquid (9 1) to at least a portion of said 

interspace (53) through which, in operation, said radiation irradiates said spot (1 1) on said 
layer (3); 

characterized by a gas outflow opening (70) for directing a gas flow (71-73) to 
said layer (3); and 

20 a discharge channel (76) having an inlet (77) in the vicinity of said gas outflow 

opening (70) for drawing away liquid (91) from the layer (3). 

8. A device according to claim 7, wherein said gas outflow opening (70) for 
directing said gas flow (71-73) is a slit. 

25 

9. A device according to claim 7 or 8, wherein said discharge channel (76) 
communicates with a vacuum source (81). 



30 



10. A device according to any one of the claims 7-9, wherein said gas outflow 

opening (70) and said inlet (77) of said discharge -channel (76) extend about said interspace 
(53). 
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